Abstract-Turned-off electric home appliances generally they still require standby power when they are plugged in. In this paper we present a way to reduce the standby power of a socket. Our socket supplies the appliances with power when the user turns them on. When the user turns them off, our socket shuts the electric power off and reduces the standby power to zero. Our design uses an MCU which receives signals from a PIR sensor which detects the user when approaching the socket and the appliances. A power detector provides an MCU to control the SSR On/Off when used as an appliance switch for shutting off the standby power. The components we use are very inexpensive and consume less than 0.4 W. The MCU monitoring program provides both automatic detection of the user by the PIR sensor and detection of power consumption.
INTRODUCTION
A device is switched off doesn't mean that it is not consuming electric power. Many modern home appliances contain clocks, memories, remote controls, microprocessors and instant-on features that consume electricity whenever they are plugged in. And most appliances are plugged in 24 hours a day, 7 days a week. While such standby power often doesn't amount to much, it really adds up [1] . Timers and remote controls in home appliances are for the convenience of the user. The built-in microcontroller is in standby state awaiting user commands while the appliances are either turned off or plugged in [2] . The standby state power of the microcontroller is supplied by an adapter which has no power-off switch [3] . The adapter as a power supply in the appliance converts AC 120 V into low voltage DC for the microcontroller [4] [5] . The adapter, which is very inefficient at low power, consumes between 4 and 8 Watts or about 100 to 200 Watt-hours daily, many times the power actually used by the microcontroller and enough to run a compact fluorescent light for about ten hours. On some appliances the On/Off switch is placed on the secondary (low voltage side) of the supply's transformer. The primary is not switched off and is always connected to the AC 120 V source. The inverter or commercial power grid views the primary of the transformer as a constant load. Power consumption on these devices may run into 50 to over 200 Watt-hours daily.
In the long run electronic devices in standby state consume much power, usually ten percent of the electricity used in a home [6] [7] . A microwave oven on average consumes more power each year in standby state than when used for cooking. To reduce the standby power one can unplug the electric home appliances, but that is troublesome. Plugging a few of the devices into a surge protector that can be clicked on and off makes things easier. Unfortunately, as the protector is manually controlled, one can easily forget to turn it on or off. In this paper we present a simple design to reduce the standby power of a socket. We call our design the "low standby power socket". In our design the circuits consist of a few common components with low power consumption and low cost. This low standby power socket with a low amount of standby power can be used by existing appliances; it is easy to set up, it is cheap and it saves power more efficiently. It is suitable for use in most home appliances.
The organization of this paper is as follows. In Section 2 we present circuit designs and flowchart of the low standby power socket. In Section 3 we present the measurement of the power consumption of our design to verify the total power saved. In Section 4 we show the mathematical equation for interpreting the low standby power socket. In Section 5 we draw the conclusions.
II. CIRCUIT DESIGNS OF THE LOW STANDBY POWER SOCKET
Most electric home appliances such as television, washing machine and microwave oven are operated manually. The user turns an electric home appliance on to perform a specific function. Most control panels on electric home appliances are easy to operate. Even when using remote control the user must still be near the appliance in question. Thus home appliances could still be running whenever the user has left. If the user is not around the appliances, they are not being used and should always be in the turned-off state, then they won't use any unnecessary standby power. To reduce the total amount of used standby power we present a simple design that detects the approaching user. When the user is detected by the PIR sensor used in our design, the power for the electric home appliances is enabled. Conversely, if the PIR sensor doesn't detect the user, the power is disabled as the appliances were unplugged. If the appliances are working but the user leaves, the power continues to come from the socket until the work is finished. Because of this requirement we have designed the power detector circuit. The block diagram of the low standby power socket is shown as Figure 1 .
The 13th IEEE International Symposium on Consumer Electronics (ISCE2009) Figure 1 . Block diagram of the low standby power socket Figure 1 shows how a microcontroller unit (MCU) controls the solid state relay (SSR) to supply the power for electric home appliances. The control mechanism is similar to that of an automatic power switch. The PIR sensor detects whether the user is approaching or not [8] . When the user approaches, the SSR supplies power to the appliances, and if there is no one nearby, the power stops. For the electric home appliances to stay on after the user leaves, the SSR supplies power until the work is finished. Our software module shown in Figure 2 detects whether an appliance is working and eliminates the possibility of the SSR turning the power off as the user leaves. Our design is made up of an MCU, a PIR, a power detector and an AC/DC converter. We use a low-power and low clock rate MCU which has sufficient controlling ability for the flowchart shown in Figure 2 . Although the MCU can be replaced by logic gates, it is better to use the MCU because of the different characteristics of the various appliances.
The PIR sensor detects whether the user is approaching or not in order to decide whether the SSR should supply power to the appliances. Figure 3 shows the PIR circuit, where a PIR sensor is used as an electronic device to measure the infrared light radiating from objects or human bodies nearby. The PIR sensor detects motion and generates a voltage signal which is amplified, digitalized and sent to the MCU to judge whether a user is approaching. For the electric home appliances to stay on after the user leaves, the function must continue with power coming from the socket until the work is finished. We have designed the power detector circuit for this requirement [9] [10] . Figure 4 shows this circuit in which we use the toroidal coil inductor as a current sensor that detects whether the appliance is working. When an AC current passes through an inductor, a small sinusoidal voltage v is induced.
AC power line where L is the inductance of the toroidal coil inductor. The amplitude of the induced voltage is proportional to the amplitude of the used current. This small induced voltage is amplified and converted into a DC signal by the diodes and capacitors and then is inputted to a comparator, compared with the predefined voltage value to determine whether the appliance is in the work state or not.
The MCU receives signals from both the PIR and power detector circuits that judge whether the user is approaching or a home appliance is working. The MCU controls the SSR that is supplying power to the appliances. When the MCU receives a signal that there is no user approaching or no home appliance working, the MCU causes the SSR to turn the power off to eliminate the standby power of the appliance. Figure 5 shows the circuit design of the socket. We integrate the power detector circuit with the MCU in a board, and other circuits are connected to the board. We must bear in mind that the size of the PIR sensor must be small enough for it to be included inside the case of most home appliances. Figure 6 shows the implementation of a socket with low standby power. Our design requires 5 V DC from the AC/DC converter as the working voltage. For this prototype we have chosen an AC/DC converter with low power consumption. In our design the low standby power socket still requires power to work. This is lower than the standby power of general home appliances. We measure the power consumption of the low standby power socket to find the exact power value. The measurement architecture of the power consumption of the low standby power socket is shown in Figure 6 . We measure the power consumption of the low standby power socket without any home appliance load. The total power consumption of the socket is below 0.4 W, less than the standby power of most electric home appliances. Table I shows the breakdown of the power consumption of each module in our design. Now we measure the power consumption of the low standby power socket with home appliance load in different situations: appliance only and with socket, both in standby state and work state. We use a microwave oven as appliance load and show the results in Figure 8 . The AC/DC converter inside the home appliance consumes power when the appliance is in the standby state. In our design the SSR is used to cut off power from the AC source, eliminating the standby power for the appliance. Although the low standby power socket still includes an AC/DC converter, this socket needs little power. Because the circuits consist of a few common components with low power consumption, the converter in the low standby power socket is small, uses little power, and its standby power is much less than that of most home appliances.
IV. MATHEMATICAL VERIFICATION
Home appliances have two power states, standby state and work state. An appliance with a low standby power socket adds a third power state that we call "low standby state". Figure 9 shows the power state in the finite state machine. Figure 10 shows the power consumption of state transition in a microwave oven with low standby power socket. In the low standby state there is no user approaching and no appliance in use. Thus as the SSR is turned off by the MCU, the appliance standby power is zero. The low standby state power consumption of under 0.4 W, which comes from the low standby power socket, is much less than the standby power of an appliance. An appliance with a low standby power socket increases its power consumption when it is in the work state. Table III shows the power consumption of an appliance with low standby power socket in the work state. The power consumption of an appliance in the work state with and without our design can't be measured by a power meter because less than 0.4 W is too small an amount for the work state power and too large for the meter scale to find, whilst physically it exists. Thus the low standby power socket saves power in the low standby state but consumes more power in the work state. If an appliance in the low standby state is in daily use over a long period, the socket saves power; otherwise the socket consumes more power. Below we discuss the total power saving of our design with an appliance load.
First, we define the probabilities of an appliance in the work state and in the standby state, without a low standby power socket. Then we define the probabilities of an appliance in the work state and in the standby state, with low standby power socket, followed by the probability of an appliance in low standby state. 
Equation (4) presents the power saving limit of the low standby power socket. socket low standby P represents the probability of an appliance with the low standby power socket. The value must be larger than standby (0.4 / ) Power for power saving. For example, the standby power of a microwave oven is 2.1 W. For power saving, a microwave oven with a low standby power socket must have a probability of no user approaching, which must be more than 19%. For most families, with 8 hours at work or school and 8 hours of sleep, the probability of no user approaching is higher than 67%. Thus the low standby power socket is useful in most situations. Table IV shows a comparison between our design and similar products. 
V. CONCLUSIONS
Although the standby power of electric home appliances does not consume too much, it affects the electricity bill in the long run. In this paper we propose a design to reduce the standby power substantially. With our design, the low standby socket consumes only under 0.4 W, is easy to set up and is inexpensive. In the long term, our design, which saves much power because it is equipped with power detector circuits and with an MCU to control both an SSR and a PIR, is easily modified by programming and can then be applied to a new generation of appliances to save more power.
